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C
hronic gastroparesis is a motility dysfunction often associated with severe symptoms, the most

common disabling symptoms being nausea and vomiting. The term ‘‘gastroparesis’’ is a Greek

word that means ‘‘a weakness of movement’’. In this article, some basic facts about

gastroparesis are briefly mentioned before aspects on therapy are discussed.

Gastroparesis is defined as delayed gastric emptying in the absence of an obstruction to outflow

from the stomach. Hence, the diagnostic procedure in patients with symptoms suggestive of

gastroparesis should include at least gastroscopy, so as to exclude obstructive lesions. Furthermore, a

gastric emptying test is required to verify abnormal emptying of the stomach. Although delayed

emptying of both liquids and solids occurs in patients with gastroparesis, the delayed emptying of

solids is considered the most relevant disturbance. Thus, a test of solid emptying is usually applied.

The scintigraphic method is considered to be the gold standard. Reference values based on large

control samples (.100 subjects) are available for the scintigraphic method1 2 and for the radiological

method.3 In addition, the octanoic acid breath test with reference values from 70 subjects4 is also

frequently used. The larger control samples show a gender difference with a slower emptying rate

and higher reference values for retention in healthy women compared with men.2 3 Gastric emptying

cannot be reliably evaluated by gastroscopy.

PATIENT GROUPSc
In gastrointestinal (GI) practice, gastroparesis is common among patients with diabetes mellitus, and

is reported to occur in 30–50% of the patients.5 Another large group comprises patients with

idiopathic gastroparesis in whom no underlying cause of the disorder can be found. However, many

patients with idiopathic gastroparesis have developed the disorder after a gastrointestinal infection,

most often a virus infection.6 7 Bacterial infections may also cause gastroparesis, but Helicobacter pylori

does not seem to be associated with gastroparesis.8 9 Chronic gastroparesis is also seen to be

secondary to systemic disorders such as amyloidosis and scleroderma and to neurological disorders

such as Parkinson’s disease and myotonic dystrophy. Postsurgical gastroparesis occurs in patients

who have undergone ulcer surgery—for example, gastric resections and/or vagotomy. The latter type

is likely to become rarer as ulcer surgery decreases, but gastroparesis may also occur after

oesophageal surgery such as fundoplication, Heller’s myotomy and surgery for oesophageal cancer.

The relation between functional dyspepsia and gastroparesis is of special interest. Delayed gastric

emptying is found in about 30% of patients with functional dyspepsia.10 This group of patients with

dyspepsia can be regarded as having idiopathic gastroparesis according to the definitions mentioned

above.

SYMPTOMS PREDICTIVE OF GASTROPARESIS
A wide range of dyspeptic symptoms are common in patients with gastroparesis—for example,

nausea, vomiting, upper abdominal pain, abdominal distension and bloating. The individual

symptoms have, in general, a low specificity to predict delayed emptying. Abdominal bloating has

been reported to be significantly correlated with delayed emptying in diabetic gastroparesis.11 In other

studies, postprandial fullness was statistically linked to delayed gastric emptying.12 13 When

gastroparesis is associated with weight loss and the patient requires nutritional support to maintain

body weight, the gastroparesis is considered to be of a more severe form.

TRADITIONAL TREATMENT OF GASTROPARESIS
Before 1990, the medical treatment of gastroparesis included dietary measures such as eating

frequent, small, liquid meals with a low fat content. Psychotropic drugs with antiemetic effects were

available, although these drugs have no significant prokinetic effect on gastric emptying. During the

1970s and 1980s, dopamine-2 receptor antagonists with antiemetic and some prokinetic effects
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became available (metoclopramide, domperidone). In the

1980s, the 5-hydroxytryptamine 4 (5-HT4) agonist cisapride

was marketed and was considered to be a first-line option in

drug treatment of gastroparesis. In drug refractory cases,

nutritional support via jejunostomy (J)-tubes is a possible

alternative. In the most advanced cases, gastrectomy has been

the final resort, although success with this type of large surgery

has been limited.

RECENT ADVANCES IN DRUG TREATMENT
In the last decade, research has been directed towards

obtaining new drugs that can improve gastric emptying and

decrease symptoms, without too many side effects. However,

despite extensive research, no new drug with proven efficacy in

gastroparesis has appeared and been approved during this

period.

Macrolides
Macrolides are a group of substances, some of which have

antibiotic properties and/or motilin receptor stimulation action

in the GI tract, and thereby exert prokinetic effects. The first

macrolide clinically explored was erythromycin, which, in early

experiments, showed motility-stimulating properties in dogs. In

patients with diabetes mellitus and delayed gastric emptying,

Janssens et al14 found that intravenous administration of

erythromycin 200 mg before a test meal could normalise the

gastric emptying rate of both liquids and solids. After oral

administration of erythromycin 250 mg three times a day for

4 weeks, the gastric emptying was improved but not to the

same extent as in the initial experiments with intravenous

administration. The observations by the Leuven group were

confirmed in several studies15 16 on patients with gastroparesis

and also reviewed by Sturm et al.17 After long-term adminis-

tration, the prokinetic effect of erythromycin on gastric

emptying may decline due to tolerance development. In clinical

practice, treatment with erythromycin in very sick patients is

often started at the hospital, with erythromycin given

intravenously before the meals. If the patient responds

favourably, treatment is then continued with erythromycin

suspension given orally in due time, preferably 30–45 min

before meals.

Attempts have been made to develop analogues to erythro-

mycin so as to obtain a prokinetic effect without antibiotic

effects, and also to overcome the tolerance phenomenon.

Although analogues with prokinetic properties have been

developed and tested in clinical trials, these drugs have not

shown any significant effect on symptoms in patients with

delayed gastric emptying.18–20 To date, the problem with

tolerance development has not been solved and may be one

reason why the analogues developed so far do not have the

required clinical effects.

Ghrelin is an interesting substance that is structurally related

to motilin. Ghrelin is derived from gastric mucosa and seems to

have an important role in the regulation of appetite and body

weight. Ghrelin has prokinetic motility-stimulating properties

in animals, and has also recently been shown to accelerate

gastric emptying of a test meal in patients with diabetes with

slow gastric emptying.21 In patients with idiopathic gastropar-

esis, ghrelin administration was followed by improved gastric

emptying and a decrease in meal-related symptoms.22 These

interesting effects seen in acute experiments need to be further

studied to see if ghrelin-like drugs can be used for treatment of

gastroparesis in clinical practice.

The recently developed drugs, mitemcinal and atilmotin,

have been proposed as prokinetics, but full papers on their

effects in patients with gastroparesis are still lacking.

Dopamine antagonists
The dopamine-2 (D2) antagonist metoclopramide was devel-

oped several decades ago and is still a cornerstone for treatment

of gastroparesis in many countries. The prokinetic effects of D2

antagonists in patients with gastroparesis have been thor-

oughly reviewed.17 Although metoclopramide has extrapyrami-

dal side effects and sedative effects, at least the latter is not of

the same magnitude as that of the older antipsychotic drugs

such as haloperidol and chlorpromazine. The D2 antagonist

domperidone is an improvement compared with metoclopra-

mide, and has fewer side effects on the central nervous system

owing to its limited passage across the blood-brain barrier. Like

many other prokinetic drugs, domperidone may show tolerance

development on repeated administration, as observed in studies

on gastric emptying.23 Nevertheless, domperidone is an impor-

tant alternative in patients in whom gastroparesis-related

symptoms respond to dopamine antagonists, but metoclopra-

mide has produced unwanted side effects on the central

nervous system.

Sulpiride is a dopamine blocker used for some psychotic and

other psychiatric disorders. This drug has prokinetic properties,

but a pharmacological profile that is somewhat different from

metoclopramide and domperidone, and has been studied in

patients with dyspeptic symptoms. The initial studies show that

oral levosulpiride 25 mg three times a day is superior to

placebo,24 and may be as effective as cisapride in relieving

nausea and vomiting in patients with gastroparesis.25 26 Further

studies are needed to see whether sulpiride is superior to

metoclopramide and domperidone for these gastrointestinal

indications.

Itopride is a new D2 antagonist with anti-acetylcholinester-

ase effects. Itopride has prokinetic properties with promising

results in functional dyspepsia, but controlled clinical studies

showing its effects in patients with gastroparesis are lacking.

5-HT4 agonists
As mentioned above, cisapride had for a long time an

established place in the treatment of gastroparesis and

gastroparesis-related symptoms.17 Cisapride is now essentially

withdrawn from the market due to cardiac side effects. No

other 5-HT4 agonists have shown sufficient effects to be

approved for treatment of gastroparesis. The 5-HT4 agonist

tegaserod accelerates gastric emptying,27 but controlled studies

showing significant effects in patients with gastroparesis are

still lacking.

Evaluation of frequently used prokinetics
A systematic analysis by Sturm and co-workers of the effects of

the oral prokinetic drugs that are available today and reported

on in 36 studies compared the effects of D2 blockers, cisapride

and erythromycin.17 Erythromycin was found to be the most

effective with respect to improvement in gastric emptying

compared with metoclopramide, domperidone and cisapride.

Erythromycin and domperidone seemed to be the most
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effective with respect to improvement in gastrointestinal

symptom score. There was a lack of association between

changes in the gastric emptying rate and improvement in

symptoms.

Botulinum toxin
The use of botulinum toxin (BTX) for treatment of spasm in

gastrointestinal sphincters such as the lower oesophageal

sphincter (LOS), sphincter of Oddi and the anal sphincter has

been followed by attempts to use intrapyloric injections of BTX

for the treatment of gastroparesis. The hypothesis was that

gastric emptying would be improved if the release of excitatory

transmitter substances to the pyloric muscles was inhibited by

BTX. This would lead to a decreased resistance to outflow from

the stomach in patients with delayed gastric emptying.

Injection of BTX at gastroscopy, 100–200 units divided into

four portions, has in some small, uncontrolled studies (,10

patients) been reported to improve gastric emptying and to

decrease symptoms in patients with either idiopathic or diabetic

gastroparesis. In a recent retrospective study of 63 patients with

gastroparesis, 43% of the patients experienced symptomatic

response to BTX.28 The duration of the response was approxi-

mately 5 months and improvement was statistically linked to

the male gender. To date there has been no controlled study

with parallel groups on the effect of BTX in patients with

gastroparesis. In a crossover randomised study, preliminarily

reported from the Leuven group,29 BTX was found not to be

superior to a placebo injection with respect to its effects on

symptoms and on gastric emptying in 23 patients with

predominantly idiopathic gastroparesis. Thus, further studies

are needed before the definite value of BTX for treatment of

severe gastroparesis can be confirmed.

GASTRIC ELECTRICAL STIMULATION
The frequency and direction of gastric peristaltic contractions

are determined by the underlying gastric electrical slow-wave

rhythm. The physiological gastric slow waves are waves of

depolarisation (3 waves/min in humans) migrating from the

intrinsic pacemaker area in the upper part of the gastric body,

from which they move distally towards the pylorus. Studies in

dogs showed that with electrical stimulation the peristaltic

pressure waves and the gastric emptying rate could be

increased by electrical stimulation.30 The maximum effect in

dogs was found to be at a stimulation rate four times the

physiological slow-wave rhythm in the canine stomach. These

observations led Abell and co-workers to try gastric electrical

stimulation (GES) in a patient with severe diabetic gastropar-

esis.31 In analogy with the animal experiments, this patient

received stimulation for 0.1 s every 5 s (ie, 12 times/min) and

was followed for .1 year, and a sustained improvement was

noted. The experience from this pilot patient and the stimula-

tion parameters used formed the basis for the following studies

on treatment of GES with a fully implantable electronic device.

Although the exact mechanism for the antiemetic effect of GES

in these studies is unknown, the clinical effect is believed to be

mediated by local neurostimulation. The stimulation impulses

used (5 mA, duration 330 ms) are able to excite nerves but are

too weak to excite the gastric smooth muscles—that is, real

gastric pacing is not performed. Furthermore, as shown below,

Figure 1 Principle of laparoscopic implantation of electronic device for
gastric electrical stimulation (GES) to treat gastroparesis. IPG, impulse
generator; LN, Latarjet’s nerve with the crow’s foot; P, pylorus; PMA,
intrinsic gastric pacemaker area.

Needle Suture Anchor

Electrode

Connector

Hermetically
sealed case

Battery

Circuitry

Connector
block

Figure 2 Schematic illustration of the
device for gastric electrical stimulation:
the impulse generator (Enterra,
Medtronic, Minneapolis, Minnesota,
USA) and the leads. Two leads are
inserted through the gastric serosa with
the distal needle so that the uninsulated
part of the electrode is located in the
muscle layer and kept in place by the
anchor and by clips. The leads are
connected to the connector block of the
impulse generator.
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the primary clinical effect of GES on nausea and vomiting in

these studies is not because of an improvement in gastric

emptying.

Implantation technique
The first patients in 1992–4 were implanted by open abdominal

surgery. However, in 1995, the laparoscopic implantation

technique was introduced by Lönroth32 and is now used at

most implantation centres (fig 1). The electronic device used so

far for treatment of gastroparesis is Enterra (Medtronic,

Minneapolis, Minnesota, USA) (fig 2).

The laparoscopic implantation is performed under general

anaesthesia with three laparoscopic ports. At laparoscopy, two

electrodes are placed anterolaterally in the most proximal part

of the antrum approximately 10 cm from the pylorus (fig 1).

We use the crow’s foot of Latarjet’s nerve as a marker for the

level to which electrodes should be inserted into the muscle

layer. The technique for laparoscopic placement of electrodes is

described in detail elsewhere.32 We use the port incision in the

left upper quadrant to create a pocket for subcutaneous

placement of the impulse generator. The present standard for

stimulation is based on the observations in the pilot patient,31

with two discrete impulses every fifth second and the voltage

adjusted to give 5 mA.

If laparoscopy is not possible because of altered intra-

abdominal anatomy—for example, adhesions—the implanta-

tion can be done with laparotomy. The latter technique is a

more extensive procedure and needs a longer postoperative

hospital stay for most patients.33

Clinical results in diabetic and idiopathic gastroparesis
By May 2006 .1500 patients were implanted for treatment

with GES with the above-mentioned high-frequency and low-

energy technique. The two largest groups of patients were those

with diabetes and idiopathic gastroparesis. Two multicentre

trials were published and the patients followed for >12 months

after implantation. In the first study,34 the patients received

temporary stimulation for 2–4 weeks; the electrodes were

implanted by laparoscopy or laparotomy and the battery was

placed outside the abdomen. The responding patients were

implanted for permanent GES. A sustained effect on nausea

and vomiting was noted.

In the second multicentre study,35 patients with idiopathic

and diabetic gastroparesis were randomised blindly to have

stimulation on or off during the first month, and the other

mode during the second month. After that the patients

underwent GES, with follow-up at 6 and 12 months after

implantation. For the initial crossover period the patients’

preference for the period with the stimulator on versus off was

3:1 (p,0.05). During the rest of the study period there was a

significant decrease in median vomiting frequency (fig 3), in

other upper abdominal symptoms and in some of the quality-

of-life measures. In the idiopathic gastroparesis group there

was a significant decrease in vomiting frequency at 6 and

12 months, but no significant effect on gastric emptying. In

these two multicentre studies, the need for antiemetic and

prokinetic drugs, nutritional support and hospital stay also

decreased with treatment by GES.

Several single-centre studies on patients with idiopathic and

diabetic gastroparesis have confirmed these effects of GES on

gastroparesis-associated symptoms, and on the need for

healthcare, tube feeding and gastric surgery.36–41 In some

studies but not in all, gastric emptying rate improved with

time. The metabolic situation for patients with diabetes,

measured as HbA1C, improved in two studies.38 39

The most common adverse effect reported in these initial

studies34 35 was device-related infection in approximately 10% of

the patients. The frequency of such infections seems to have

decreased during the recent years. This may be explained by a
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Figure 3 Weekly vomiting frequency (median and interquartile range) at
baseline, and changes at 6 and 12 months after the start of gastric
electrical stimulation. The number of patients (diabetic, idiopathic, total) is
shown below the diagram. *p,0.05 vs baseline. From Abell et al,35 with
permission from the American Gastroenterological Association.

Box 1: Principles for management of severe
chronic gastroparesis

c Correct diagnosis of gastroparesis
c Y

c Optimise metabolic situation
c Y

c Dietary measures
c Y

c Drug therapy
c Y

c Gastric electrical stimulation
c Y

c Others (feeding tube, etc)
c Y

c Gastrectomy

Box 2: Dietary measures in treatment of
gastroparesis

c Restrict meal volumes
c Increase meal frequency
c Small particle meals
c Avoid excess fat
c Avoid excess dietary fibre
c Supplementary nutrition (liquid formula)
c Support by specialised dietician
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more careful surgical technique and the increasing use of

laparoscopy instead of open surgery.

New potential indications for GES to treat dyspeptic
symptoms
Recently, patients with various forms of drug refractory

postsurgical gastroparesis were also reported to have sympto-

matic improvement with GES.42 43 Among 16 patients with

gastroparesis42 five had symptoms after fundoplication, but

patients with a previous partial gastric resection or oesopha-

gectomy were also included. Symptom scores decreased for

upper abdominal symptoms but there was no significant effect

of GES on gastric emptying in this study.42

Chronic intestinal pseudo-obstruction (CIP) has been con-

sidered a contraindication for treatment with GES,35 even

though these patients may suffer from disabling nausea and

vomiting. In a small study on four patients with CIP (two of

whom had normal gastric emptying tests) nausea and vomiting

were found to decrease with GES (fig 4). The improvement was

similar to that observed in patients treated with GES for

diabetic gastroparesis.44

There are also preliminary reports that patients with therapy

refractory functional nausea and vomiting but normal gastric

emptying may benefit from GES.45–47 However, more studies are

needed to evaluate the precise role of GES for these new

indications.

Cost implications
GES is a relatively expensive treatment with high costs for the

device and for the surgical procedure. The reimbursement

principles vary among countries, and in several countries the

costs are not yet covered by the healthcare system or insurance

companies. In the US the GES device (Enterra, Medtronic) was

approved in 2000 by the Food and Drug Administration

(Humanitarian Device Exemption) based on the initial multi-

centre studies.34 35

In UK the price of the device by July 2006 was $13 000

(£6800 ex VAT) and for the whole procedure was approximately

$36 300 (£19 000) (Fullarton, personal communication). In the

US, at the Jackson Centre, the price of the device for the patient

was $17 000 and surgery added another $25 000, thus totalling

$42 000 (Abell, personal communication). On average, the total

price in the US is between $40 000 and $60 000, but a price of

up to $100 000 does occur (Bulger, Medtronic, personal

communication). In Scandinavia, the price of the device is

about $11 500–12 500, and for the whole procedure the price in

Sweden is $28 000 (SEK 200 000).

There are few studies on the healthcare benefits of GES

compared with conventional treatment of patients with very

severe gastroparesis. Abell and colleagues performed a detailed

study over 3 years of two small patient groups with a

comparable symptom burden at baseline.48 Compared with a

group included in an intensive treatment programme with

pharmaceutical drugs, the patient group receiving GES had

more improved symptoms and had a significantly lower

consumption of healthcare resources during the study period.

The responder/non-responder issue
GES is an advanced but relatively expensive therapy. Focus has

recently been directed to the problem of a proportion of patients

not responding to GES. In the early multicentre study by Abell

et al,35 24 of the initial 33 patients remained in the study after

12 months (fig 3) and could be evaluated. The overall

proportion of non-responders, having ,25% symptom reduc-

tion, was 13%. However, recent reports on larger patient

materials indicate a higher non-response rate to GES in

idiopathic gastroparesis. In the Kansas City sample of 87

patients with therapy refractory gastroparesis, 35% of the

idiopathic patients were non-responders after 12 months

compared with 10% in the diabetic group and 17% in

postsurgical gastroparesis.49 Similarly, a high proportion of

non-responders, 50%, was reported from the Philadelphia

group, particularly for the idiopathic patients.50 The latter group

also included patients with gastroparesis with pain as the main

symptom, and this subset of patients had a low response rate to

GES. Some patients may respond to an increase in stimulation

strength and frequency.51 So far, the impression is that various

preoperative clinical parameters are only weak predictors of the

response to GES.49 50 Thus, there is a definite need for direct

tests that can predict the symptomatic response to GES.
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Box 3: Drug therapy in gastroparesis

Erythromycin
c Intravenous 80–200 mg three times daily initially in severe

cases
c Oral suspension 200–300 mg before meals
c Tachyphylaxis may occur
c Drug interactions are common
Dopamine antagonists
c Metoclopramide 10 mg orally before meals

Or
c Domperidone 10–20 mg orally before meals (especially if

side effects occur with metoclopramide)
c Rectal administration may be considered
c Subcutaneous injections possible (metoclopramide)
c Other drugs with antiemetic properties without being

prokinetic may also be considered for relief of symptoms
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Abell and colleagues have applied temporary GES with

endoscopically placed electrodes (predominantly the oral route)

and used the effects on symptoms after >3 days as a measure

of response.52

Another approach to test response to temporary GES is to

implant gastric electrodes percutaneously under gastroscopic

assistance.53 With this simple percutaneous technique, tempor-

ary GES has been tested in patients for up to 2 months.46 Thus,

‘‘double-blind’’ crossover testing of GES can be performed and

responders/non-responders to GES can be selected.46 This

principle to test the effects of GES seems promising and may

help minimise the clinical problem with permanent implants to

non-responders, and may be helpful in studying the effect of

GES on new potential patient groups.46

Comments
The introduction of GES seems to be a clear step forward in the

treatment of many patients with previous drug-refractory

gastroparesis. Several issues related to GES remain to be

resolved. One important aspect is that the mechanism of action

for the effect of GES on gastroparesis-related symptoms is not

yet known. The primary action does not seem to be an

improvement in gastric emptying because marked symptom

improvement can occur without any effect on emptying.34–36 In

most studies, an effect on emptying, if it exists at all, seems to

appear a considerable time after symptom improvement. The

improvement in gastric emptying with time in some studies

may be related to the improved nutritional status of the

patients or may be secondary to the decrease in nausea. Further

research is required to find out the optimal stimulation

parameters with respect to stimulation frequency and strength.

Moreover, the optimal site for electrode placement should be

further studied.

STRATEGY FOR TREATMENT OF SEVERE
GASTROPARESIS IN CLINICAL PRACTICE
Based on the various treatment options described above, some

general principles can be applied as outlined in box 1. For patients

with diabetic gastroparesis, it is of special importance to take the

metabolic situation into consideration. Hyperglycaemia is known

to delay gastric emptying and to attenuate the effects of

prokinetic drugs on gastric emptying,54–59 and should be optimised

in patients with diabetes mellitus. With respect to HbA1c, no

consistent effect of prokinetic treatment with cisapride on the

metabolic situation has been reported,60 61 but sulpiride had a

significant effect according to one report.62

Dietary management
The dietary recommendations (box 2) are widely used and

mainly based on knowledge of the pathophysiology of gastro-

paresis, often with weak peristaltic contractions and reduced

accommodation to meal volumes. All recommendations have

not been separately studied and proven.63 In principle, the diet

usually recommended for patients with diabetes mellitus can be

recommended also for patients with diabetic gastroparesis or

gastroparesis of other aetiology. To decrease fat energy below

30% probably adds little further benefit. The meal particle size

should be kept small, as particles >2 mm tend to empty slowly.

The grinding capacity is often low in the affected stomach. In

our experience, a dietician with expertise in gastroparesis is a

good support for the patients.

Pharmacological treatment
In practice the cornerstones of drug therapy are essentially the

same as 10 years ago, except that the use of cisapride has been

strongly restricted or abandoned (box 3). Both D2 receptor

antagonists and erythromycin should be tested before the

patient is categorised as drug refractory. Domperidone is not

available in all countries. The role of BTX is unclear and, at

present, at least the long-term effect of BTX seems to be limited.

Medically refractory gastroparesis
The experience with GES in the last decade indicates that it is

an option which should be considered for patients with severe

symptoms and refractory to the above-mentioned treatment

steps. GES seems to have decreased the need for feeding tubes

and for gastric resection surgery. Therefore, this minimal

invasive surgery method is now an option for patients

otherwise requiring the older tube and/or gastrectomy proce-

dures.

Competing interests: None.
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